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A mouse mammary epithelial cell line with morphogenetic properties in vivo, Comma-Dβ, was used to isolate and to characterize mammary
progenitor cells. We found that a homogeneous cell population expressing high surface levels of stem cell antigen 1 (Sca-1) was able to give rise in
vivo to ductal and alveolar structures comprising luminal secretory and basal myoepithelial cells. Unlike the Sca-1high, the Sca-1neg/low cell
population displayed a reduced morphogenetic potential. The Sca-1high cells presented moderate CD24, high CD44 and α6 integrin surface levels,
expressed basal cell markers p63, keratins 5 and 14, but no luminal and myoepithelial lineage markers. In culture, the Sca-1high cells generated
identical daughter cells that retained their in vivo developmental potential, indicating that these cells were maintained by self-renewal. Plated at
clonogenic density in Matrigel, Sca-1high cells formed spheroids that included luminal and myoepithelial cells. Thus, the isolated Sca-1high basal
cells possess several features of stem/progenitor cells, including specific markers, self-renewal capacity, and the ability to generate the two major
mammary lineages, luminal and myoepithelial. These data provide evidence for the existence of basal-type mouse mammary progenitors able to
participate in the morphogenetic processes characteristic of mammary gland development.
© 2006 Elsevier Inc. All rights reserved.Keywords: Progenitor cell; Basal epithelial cell; Morphogenesis; Mammary gland; MouseIntroduction
The adult mammary parenchyma consists of secretory
alveoli organized into lobules and interconnected by a system
of branching ducts. The entire mammary epithelium is
enveloped by a basement membrane and embedded in a fatty
connective tissue called the mammary fat pad. In the ducts and
alveoli, the mammary epithelium is organized into two layers, a
basal layer of myoepithelial cells and a luminal epithelial layer.
The myoepithelial cells express the cytokeratin pair K5 and
K14, P-cadherin, and the transcription factor p63, characteristic
of the basal cells of stratified epithelia (Taylor-Papadimitriou
and Lane, 1987; Daniel et al., 1995; Barbareschi et al., 2001).
They also contain smooth muscle-specific proteins, including
the α-smooth muscle actin (α-SMA), which confer contractility.⁎ Corresponding author. Fax: +33 142 34 63 49.
E-mail address: Marie-Ange.Deugnier@curie.fr (M.-A. Deugnier).
0012-1606/$ - see front matter © 2006 Elsevier Inc. All rights reserved.
doi:10.1016/j.ydbio.2006.02.007The luminal cells express keratins K8 and K18 and, when fully
differentiated, secrete milk proteins.
Mammary gland development is essentially postnatal
(reviewed in Daniel and Silberstein, 1987; Wiseman and
Werb, 2002). Between birth and puberty in mouse, the gland
consists of a primary duct with a few secondary branches. At the
onset of puberty, large bulbous structures, the terminal end
buds, develop at the distal ends of the mammary ducts. During
puberty, the terminal end buds and their subtending ducts
branch and progress rapidly until they reach the limits of the
mammary fat pad. By 10 to 12 weeks of age, the terminal end
buds regress to form blunt-ended ducts and the gland settles into
its adult cycle. Lobulo-alveolar development occurs in each
reproductive cycle, starting at pregnancy with the generation of
lateral alveolar buds, which give rise to the secretory, milk-
producing alveoli. Once lactation ceases, the secretory epithe-
lium undergoes massive apoptosis and the gland is remodeled
back to a state similar to that of the adult virgin female.
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mary fat pad have shown that morphogenetic mammary
epithelial cells are present in all regions of the adult mouse
mammary gland, at all stages of development (Young et al.,
1971; Smith and Medina, 1988; Wagner et al., 2002). Progeny
of a single retrovirally-marked epithelial cell from a culture of
adult mouse mammary tissue was shown to replicate for several
transplant generations and to produce ductal and alveolar
structures (Kordon and Smith, 1998). This strongly suggests
that mammary morphogenesis is driven by epithelial cells
displaying stem cell properties. Like other adult epithelial stem
cells, mammary stem cells would be able to self-renew, and give
rise through asymmetric division to transit-amplifying progeni-
tors that will terminally differentiate into luminal and
myoepithelial cells. Pulse-chase experiments with tritiated
thymidine or bromodeoxyuridine (BrdU) revealed that the
mammary epithelium in humans and mice harbored cells that
retain DNA label, a property ascribed to stem cells in a variety
of tissues (Zeps et al., 1998; Smith, 2005; Clarke et al., 2005).
Mouse DNA label-retaining mammary epithelial cells were
recently shown to divide asymmetrically (Smith, 2005).
The stem and progenitor cells involved in regeneration of the
mammary gland have not been definitively identified (reviewed
in Smalley and Ashworth, 2003; Woodward et al., 2005).
Recent attempts to purify candidate mammary stem/progenitor
cells made use of surface markers identifying stem cells in the
hematopoietic system and adult nervous and epithelial tissues.
In particular, Welm et al. isolated a Sca-1-expressing epithelial
cell population from the mammary gland of mature virgin
mouse, and found that this population had a much higher
regenerative potential in vivo than Sca-1-negative cells (Welm
et al., 2002). Sca-1 expression was detected in 20% of
mammary epithelial cells and was therefore not restricted to a
rare population of undifferentiated cells. However, the Sca-1-
positive cell population included cells that retained DNA label.
It also contained cells that excluded the dye Hoechst 33342, a
functional characteristic of hematopoietic stem cells. In addition
to Sca-1, the cell adhesion molecules, CD24, β1 (CD29) and α6
(CD49f) integrin chains, have been recently used to isolate and
characterize stem/progenitor cell populations from the mouse
mammary gland (Shackleton et al., 2006; Stingl et al., 2006).
No specific surface marker has been described for human
mammary stem/progenitor cells.
Current data indicate that phenotypically diverse stem/
progenitor cell populations, i.e., luminal-type and basal-type,
may exist in the mammary epithelium. Gudjonsson et al.
isolated a human mammary epithelial cell line with luminal
characteristics that differentiated into luminal and myoepithelial
cells in clonal cultures and following subcutaneous grafting into
nude mice (Gudjonsson et al., 2002). Smith et al. reported the
existence of a self-renewing mammary epithelial cell popula-
tion in the involuted mammary glands of parous mice (Wagner
et al., 2002). These parity-induced mammary progenitors
expressed Cre under control of the luminal promoter WAP,
consistent with a luminal phenotype. Reporter gene studies
showed that these cells generated both luminal and myoepithe-
lial cells in vivo (Boulanger et al., 2005). Other studies,including ours, provided data that suggested the existence of
basal-type progenitors in the mammary epithelium. An analysis
of Cre recombinase activity in the epithelial tissues of K14-Cre
transgenic mice demonstrated that K14-positive cells in the
mammary gland can give rise to both basal and luminal cells
(Jonkers et al., 2001). We isolated a mouse mammary epithelial
cell clone with basal characteristics that generated luminal
secretory cells in vivo (Deugnier et al., 2002). Dontu et al.
propagated adult human mammary cells in suspension cultures
(Dontu et al., 2003). Cells grown as nonadherent mammo-
spheres were able to self-renew and could be induced to
differentiate into myoepithelial and luminal cells in appropriate
culture systems. The mammospheres contained a population of
undifferentiated epithelial cells expressing basal markers, such
as K5 and K14.
The Comma-D cell line established from the normal
mammary gland of a mouse at midpregnancy has been reported
to display remarkable morphogenetic properties in vivo
(Medina et al., 1986). When transplanted into the cleared
mammary fat pad, these cells form outgrowths composed of
branched ducts and alveolus-like structures reminiscent of those
that develop postnatally in normal mouse mammary gland.
Stable in vivo outgrowth lines derived from Comma-D are
immortal and escape the senescence displayed by normal
mammary cells by transplant generation 6 (Medina et al., 1993;
Jerry et al., 1994). The Comma-D cell line appeared to be
heterogeneous in culture, containing epithelial cells that
expressed luminal and basal cytokeratins. However, the cell
population conferring regeneration potential to Comma-D cell
line was not identified. In the present study, we isolated and
characterized a morphogenetic epithelial cell population from
the Comma-Dβ cell line, a stable Comma-D derivative. This
population comprised cells that uniformly expressed high level
of Sca-1 (Sca-1high cells) and exhibited an undifferentiated basal
phenotype. We define basal as those cells that are devoid of the
luminal cytokeratins, K8/18, express the basal cytokeratins, K5/
14, and do not contain the myoepithelial protein, α-SMA. In
vivo, the Sca-1high cells produced ductal and alveolar structures
composed of differentiated myoepithelial and luminal secretory
cells. In culture, isolated basal Sca-1high cells generated
identical daughter cells, luminal and myoepithelial cells.
These results show that Comma-Dβ contains a permanent
population of undifferentiated basal epithelial cells that possess
features of mammary stem/progenitor cells.
Materials and methods
Cell culture
Comma-Dβ cells were derived from the parental Comma-D cells (passage 6)
by infection with a retrovirus expressing a fusion of β-galactosidase and
neomycin-resistance genes according to Friedrich and Soriano (1991). Infected
cells were maintained under G418 selection, pooled and frozen at passage 8. The
two cell lines, Comma-D and Comma-Dβ, have an identical pattern of growth in
vitro. The Comma-Dβ cells differ from the parental Comma-D only in their
stability for in vivo growth. Comma-Dβ cells at passage 18 generate normal
appearing mammary outgrowth upon in vivo transplantation, whereas the
parental Comma-D cells at the same in vitro passage have lost this capability
(Medina, unpublished result).
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supplemented with 2% FCS (Seromed), 2 mM L-glutamine (Gibco BRL),
10 μg/ml bovine insulin (Sigma), and 5 ng/ml murine EGF (Sigma). For cell
cloning, Sca-1high cells were plated in 96-well tissue culture plates (TPP) at a
density of 1 and 2 cells per well, and cultured in growth medium conditioned by
the parental cells. The wells containing only one cell producing a unique clone
were selected by microscopic inspection, the contents individually harvested,
amplified and analyzed by immunofluorescent staining.
Three-dimensional (3D) cultures were performed as described (Debnath
et al., 2003). Cells were plated at a concentration of 5000 cells per well of
eight-chamber glass slides (Labtek II, Nunc) coated with Matrigel (Becton
Dickinson).
Immunomagnetic cell sorting
Sca-1high and Sca-1neg/low cells were purified on MACS cell separation
columns (Miltenyi Biotec). We incubated 1.7 × 107 cells with 10 μg biotinylated
rat anti-Sca-1 antibody in PBS supplemented with 0.5% BSA (Sigma) and 2 mM
EDTA (ICN Biomedicals) for 30 min at 4°C. The cells were rinsed, incubated
with 20 μl of magnetic microbeads conjugated to goat anti-rat IgGs (Miltenyi
Biotec) in buffer for 15 min at 6°C, washed, and loaded onto a MS column in a
magnet. The Sca-1-negative cell fraction flowed through the column was
collected and passed through a LD column to increase positive cell depletion.
The Sca-1-positive cell population retained on the MS column was eluted and
passed though a second MS column. Sca-1-positive cell enrichment or depletion
was routinely estimated by FACS analysis.
Immunocytochemical staining and flow cytometry
Total and immunoselected cells were plated on glass coverslips in 24-well
tissue culture plates (TPP) and allowed to spread overnight in culture medium.
For cytokeratin and α-SM-actin staining, cells were fixed in methanol at −20°C
for 10 min. For p63 staining, cells were fixed with 4% formaldehyde in PBS for
10 min and permeabilized with 0.5% Triton X-100 for 5 min at room
temperature. Cells were incubated with primary antibodies for 1 h and then with
appropriate secondary antibodies for 45 min at 37°C. An epifluorescence Leica
DMRBE microscope and a CCD Hamamatsu C5985 camera were used for
image acquisition.
The spheroids obtained in 3D-cultures were fixed in methanol at −20°C for
10 min and stained as described (Debnath et al., 2003). The spheroids were
incubated with primary antibodies overnight at 4°C, and with secondary
antibodies for 1.5 h at room temperature. Confocal image analyses were
performed with a Leica SP2 confocal microscopy system.
For surface immunostaining, cells were incubated with biotinylated anti-
Sca-1 for 45 min at 4°C, with a mixture of phycoerythrin-conjugated avidin and
FITC-conjugated primary antibodies for 45 min at 4°C and fixed in 4%
formaldehyde overnight before analysis. In control samples, FITC-conjugated
isotype control Igs were added to the incubation medium instead of the primary
antibodies. We analyzed 104 cells per sample in a FACScan analyzer (Becton
Dickinson) using Cell Quest software.
Cell transplantation into cleared mammary fat pads, histology, and
immunohistochemistry
Cleared mammary fat pads were prepared in 3-week-old female Balb/c mice
(Charles Rivers) by surgically removing the developing mammary epithelium of
the fourth inguinal glands, as previously described (Young, 2000). We injected
10 μl of cell suspensions in PBS into the right and left cleared mammary fat
pads. Five or 8 weeks after transplantation, the mammary fat pads were
removed, flattened on microscope slides and fixed overnight in methacarn (60%
methanol, 30% chloroform, 10% acetic acid). Whole-mount preparations were
transferred to methanol, photographed, cleared in xylene and embedded in
paraffin. To assess cell proliferation, 5-week-old control and 8-week-old
transplanted mice were injected i.p. with 0.25 mg BrdU (Sigma) per g body
weight 2 h before the animal was killed. Digital images of the fixed mammary
gland specimens were acquired with a JVC KYF50 color video camera and a
Leica MZ8 binocular microscope using Scion image software.Sections (6 μm) were deparaffinized, stained with hematoxylin and eosin, or
processed for immunofluorescence labeling by incubation in 5% FCS for
45 min, followed by primary antibodies overnight at 4°C and appropriate
fluorescent secondary antibodies for 2 h at room temperature. Nuclear antigens
were retrieved by incubating sections for 10 min in 10 mM sodium citrate buffer,
pH 6.0 at 90°C before labeling.
Antibodies for immunofluorescence
We used the following primary antibodies: rabbit polyclonal anti pan-keratin
(DAKO); mouse anti-cytokeratin peptide 14, mouse anti-α-SMA, rabbit
polyclonal anti-laminin (Sigma); rabbit polyclonal anti-K5 and anti-K6
(Covance); Ks 8.7, mouse anti-K8 (PROGEN); rat anti-Sca-1 (E13–161.7),
rat anti-α6-integrin subunit (GoH3), rat anti-CD24 (M1/69), rat anti-CD34
(RAM34), rat anti-CD44 (IM7), mouse anti-p63 (4A4) (Pharmingen); rat anti-
BrdU (Oxford Biotech); rabbit anti-estrogen receptor α and rabbit anti-
progesterone receptor (Santa Cruz); rabbit polyclonal anti-β-casein, a gift from
Janet Butel (Baylor College of Medicine, Houston, USA). Alexafluor-
conjugated secondary antibodies (Molecular Probes) and phycoerythrin-
conjugated avidin (Jackson ImmunoResearch) were used as second step
reagents.
Real time PCR
Total RNA was isolated from 106 cells, using Quiagen RNeasy columns
(Quiagen). One μg of total RNA was treated with RNase-free DNase (10 U;
Roche) for 10 min at 37°C, and reverse-transcribed with Mo-MuLV reverse
transcriptase (200 U, Promega) primed with random hexamers (1 μg,
Roche). Quantitative PCR was performed by monitoring, in real-time, the
increase in fluorescence of the SYBR Green dye on an ABI PRISM
7900HT Sequence Detection System (Applied Biosystems). The thermal
cycling conditions included an initial denaturation step at 95°C for 10 min
and 40 cycles of 95°C for 15 s followed by 1 min at 60°C. Target gene
transcript levels relative to glyceraldehyde phosphate dehydrogenase
(GAPD) transcript levels were calculated as 2(Ct GAPD-Ct target gene). The
gene specific primers used (Eurogentec) were as previously described
(Teulière et al., 2005).Results
The morphogenetic properties of the Comma-Dβ cell line
in vivo are similar to those of normal developing mammary
epithelium
Comma-Dβ cells, like their parental cells, underwent
morphogenesis when transplanted into the cleared mammary
fat pads of 3-week-old syngeneic mice. Whole-mount
analyses performed 5 weeks after transplanting 104 cells
revealed outgrowths occupying at least 25% of the fat pad.
The outgrowths consisted of branched ducts terminating in
large bulbous structures (Fig. 1A). Histological analysis
indicated that these bulbous structures, like the terminal end
buds developing in normal mammary glands during puberty,
were composed of multiple layers of epithelial cells and
contained a large lumen (Fig. 1C). The main differences
between outgrowths from Comma-Dβ and normal mammary
ducts are the increased density and number of lateral (tertiary)
branches as well as occasional alveolar development in
Comma-Dβ. When the recipient mice were mated 6 weeks
after cell transplantation and mammary fat pads containing
outgrowths dissected on the 14th day of pregnancy, we
observed that the transplanted cells formed lumen-containing
Fig. 1. Morphogenetic properties of the Comma-Dβ cell line in vivo. Ten thousand Comma-Dβ cells were transplanted into the cleared mammary fat pads of
prepubertal mice. (A, B) Whole mounts of outgrowths obtained from virgin recipient mice, 5 weeks after transplantation (A) and from 14-day pregnant recipient mice,
8 weeks after transplantation (B). Arrows in (A) indicate large bulbous structures reminiscent of terminal end buds. (C, D) Hematoxylin–eosin-stained sections of a
growing bud (C) and alveolar structures (D). The Comma-Dβ cells formed growing buds, ducts and alveoli similar to those observed in the normal developing
mammary gland. Scale bars: 1.5 mm in panel A; 2.5 mm in panel B; 100 μm in panel C; 150 μm in panel D.
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transplants of normal mammary ducts (Figs. 1B, D).
Outgrowths occupied more than half the fat pad in pregnant
recipient mice. To some extent, alveolar development can
occur in the absence of the hormones of pregnancy. We
concluded from these observations that Comma-Dβ cells have
a high potential for growth in vivo and reproduce much of the
morphogenetic program of normal developing mammary
epithelium, including the formation of growing buds, duct
elongation and branching, and alveolar development.
The Comma-Dβ cell line contains a candidate progenitor cell
population expressing Sca-1 and a homogeneous repertoire of
other stem cell markers
To identify putative progenitor cells involved in morpho-
genesis, we examined the surface phenotype of Comma-Dβ
cells. In particular, we analyzed the expression of Sca-1, a
presumptive marker of mouse mammary stem/progenitor cells
(Welm et al., 2002), and several adhesion molecules known to
be displayed by stem and progenitor cells of various origins.
These molecules included the selectin receptors, CD24 and
CD34, the hyaluronate receptor CD44 and the α6 integrin chain
(Tani et al., 2000; Rietze et al., 2001; Trempus et al., 2003).
Flow cytometry data indicated that Comma-Dβ was heteroge-
neous, containing cells expressing various levels of Sca-1,
CD44, CD24 and α6 integrin chain (Fig. 2A). CD34, a marker
of hematopoietic and skin stem cells (Trempus et al., 2003), was
not detected.
Confluent cell cultures reproducibly comprised a Sca-1-
negative cell population (Sca-1neg) and two subpopulations of
Sca-1-positive cells (Sca-1low and Sca-1high) differing in their
relative fluorescence intensity (Fig. 2B). The percentages ofSca-1neg, Sca-1low and Sca-1high cells remained comparable
from early to late cell passages (Fig. 2C). Typically, cell cultures
analyzed between passages 17 and 31 comprised 43 ± 10% Sca-
1neg, 29 ± 3% Sca-1low and 28 ± 10% Sca-1high cells (n = 12).
Double immunofluorescence staining showed that the Sca-1-
positive cell population (Sca-1low and Sca-1high) consisted
essentially of CD44+, CD24+ and α6+ cells (Fig. 2A). Whereas
the Sca-1neg cell population was heterogeneous for CD24,
CD44 and α6, the Sca-1high cells formed a highly homogeneous
subset that was stained moderately with anti-CD24 antibody
and strongly with anti-CD44 and anti-α6 antibodies. Comma-
Dβ therefore contained a permanent population of putative
mammary stem/progenitor cells expressing Sca-1, and several
cell adhesion molecules serving as surface markers for adult
stem cells in various tissues.
The Sca-1high cell subpopulation has a high morphogenetic
potential
We separated Comma-Dβ cells on the basis of Sca-1
expression, using an immunomagnetic cell sorting approach.
The efficacy of the enrichment and depletion procedures was
checked by flow cytometry. The fraction eluted from the column
was almost exclusively composed of Sca-1high cells, whereas the
flow-through fraction, strongly depleted of Sca-1high cells,
contained both the Sca-1low and Sca-1neg cell populations
referred to hereafter as the Sca-1neg/low cell pool (Fig. 2D).
Consistent with the data obtained for total cells (Fig. 2A), the
purified Sca-1high cells had higher CD44 levels than Sca-1neg/low
cells.
We compared the morphogenetic potential of total, Sca-
1high and Sca-1neg/low Comma-Dβ cells (Table 1). Purity
reached 98.5% Sca-1high cells and 99.8% Sca-1neg/low cells in
Table 1
Morphogenetic potential of total, Sca-1high and Sca-1neg/low Comma-Dβ cells
Transplanted cells 10,000 1000 100
Total 7/8 a 87.5%b 1/8 12.5% 0/6 0%
Sca-1high 8/8 100% 5/8 62.5% 0/6 0%
Sca-1neg/low 4/8 50% 1/6 16.5% –
Decreasing numbers of total and purified cells were transplanted into the cleared
mammary fat pad and the development of outgrowths was controlled by
observation ofwhole-mounts 5weeks later. The purified Sca-1high cell population
is enriched in regenerative potential compared to the total. Consistently, depletion
of Sca-1high cells resulted in an important decrease in themorphogenetic potential
of Comma-Dβ.
a Number of outgrowths /number of separate grafts.
b Rate of successful transplants. According to Fisher's Exact Test, the
differences in the percentage of successful transplants obtained with the Sca-
1high and Sca-1neg/low cell populations are statistically significant (P = 0.02).
Fig. 2. Flow cytometry analysis of Comma-Dβ cells. (A) Dual immunofluo-
rescence analysis of total cells stained with anti-Sca-1, anti-CD44, anti-CD24
and anti-CD34 antibodies. The percentages of cells are shown in each quadrant.
Comma-Dβ contained cells with various levels of Sca-1, CD44, CD24 and α6
integrin chain, but no CD34-positive cells. (B) Distribution of Sca-1 expression
in the total cell population. The control with the second-step reagent only
appears in black. Comma-Dβ contained 3 cell populations differing in Sca-1
expression, Sca-1neg, Sca-1low and Sca-1high. (C) Stability of Sca-1neg, Sca-1low
and Sca-1high cell populations in confluent cultures analyzed between passage
17 and 31. Bars represent the mean values of the percentages ± SEM obtained
for twelve cell suspensions. (D) Dual immunofluorescence analysis of Comma-
Dβ cells separated by immunomagnetic cell sorting on the basis of Sca-1
expression. The percentages of cells are shown in each quadrant. The flow-
through fraction (left panel) was strongly depleted of Sca-1high cells, and
contained the Sca-1low and Sca-1neg cell populations (Sca-1neg/low). The cell
population eluted from the column (right panel) consisted almost exclusively of
Sca-1high cells.
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creasing numbers of total and purified cells were transplanted
into cleared mouse mammary fat pads, and the presence of
outgrowths was checked 5 weeks later. Transplantation
efficiency was of 87.5% after grafting 104 total cells and
only 12.5% with 103 cells. By contrast, 62.5% of transplanta-
tions with 103 Sca-1high cells were successful, indicating that
Sca-1high cells had a morphogenetic potential five times that
of total cells. Consistently, the total cell population was found
to include 21 ± 10% Sca-1high cells. No outgrowth was
obtained with 100 total or Sca-1high cells.Sca-1neg/low cells generated outgrowths in vivo 3.8 times less
efficiently than Sca-1high cells. Sca-1high cell depletion therefore
markedly decreased morphogenetic potential of the Comma-
Dβ cell line. As this potential was not completely abolished, we
cannot exclude the possibility that some Sca-1neg/low cells have
morphogenetic properties or give rise to morphogenetic Sca-
1high cells. Alternatively, Sca-1high cell contamination may
account for the observed outgrowth development following
Sca-1neg/low cell transplantation. The morphology of outgrowths
arising from Sca-1neg/low cells was identical to those arising
from Sca-1high cells.
Sca-1high cells generate myoepithelial and luminal secretory
cells in vivo
We then investigated the in vivo developmental properties of
the Sca-1high cell population. Whole-mount observations
revealed that purified Sca-1high cells, like total Comma-Dβ
cells, formed ducts and terminal end buds in virgin recipient
mice, and lateral alveolus-like structures in pregnant hosts (Figs.
3A, B). Sections were cut from outgrowths derived from Sca-
1high cells and stained with antibodies specific for the two
mammary epithelial cell lineages, luminal and myoepithelial.
Analyses of double immunofluorescence staining showed that
the ductal and alveolar structures developing from Sca-1high
cells were organized into bilayers, as in normal mammary
epithelium, with a cytokeratin-positive luminal cell layer and a
basal layer of myoepithelial cells expressing cytokeratins and α-
SMA (Figs. 3C, E). The luminal cells contained the luminal-cell
type keratin K8, whereas the myoepithelial cells expressed the
basal cell-specific proteins, K5 and p63 (Figs. 3D, G). The
bilayered structures were surrounded by a basement membrane
rich in laminin (data not shown). In pregnant recipient mice, the
luminal cells synthesized β-casein and secreted it into the lumen
(Fig. 3F). These results demonstrated that the Sca-1high cell
population generated both myoepithelial and luminal secretory
cells in vivo.
We used BrdU incorporation assays to compare epithelial
cell proliferation in outgrowths derived from Sca-1high cells 5
weeks after transplantation and in normal developing
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fluorescence staining revealed that the density, distribution
and phenotype of BrdU-incorporating cells were similar in the
epithelial structures generated by Sca-1high cells (Figs. 3G, I–
K) and in the normal developing mammary epithelium (Figs.
3H, L–N). In both cases, epithelial cell proliferation was
intense in terminal end buds and rare in ducts. Thus, the
proliferative behavior of the Sca-1high cells isolated fromComma-Dβ appeared properly controlled in the context of the
mammary fat pad.
Sca-1high cells express an undifferentiated basal phenotype in
culture
We further characterized Sca-1high cells by comparing
lineage-specific marker expression in total Comma-Dβ cells
and in cells sorted with immunomagnetic beads. Double
immunofluorescence staining with anti-K8 and anti-K5 anti-
bodies indicated that the total cell population contained luminal
K8+ cells and basal K5+ cells (Fig. 4A). Differentiated
myoepithelial cells coexpressing K5 and α-SMAwere observed
(Fig. 4B). Comma-Dβ also contained “double-negative” cells
testing negative for K5 and with little or no K8 (Fig. 4A). No
double-positive (K5+ K8+) cells were detected. In the total cell
population, luminal K8+ cells predominated, accounting for
41.3 ± 4.4% of all cells, whereas basal K5+ and double-negative
cells accounted for 26.9 ± 9.3% and 31.8 ± 11.8%, respectively
(Fig. 4C). Similarly, the Sca-1neg/low cell subset was heteroge-
neous, but contained fewer basal K5+ cells (5.7 ± 2.6%) and
more luminal K8+ cells (61.6 ± 0.4%) than the total cell
population. Unlike total and Sca-1neg/low cells, Sca-1high cells
formed a highly homogeneous population, consisting of
98.9 ± 0.6% basal K5+ cells.
We found that 95% of purified Sca-1high cells contained K5
but not α-SMA, displaying therefore a basal non-myoepithelial
phenotype (Fig. 4C). Double immunofluorescence labeling
confirmed that the basal Sca-1high cells contained the
cytokeratin pair, K5/K14 (Figs. 5A–C) and showed that most
of them were K6-positive (Figs. 5D–F). Sca-1high cells wereFig. 3. In vivo developmental properties of the Sca-1high cell population isolated
from Comma-Dβ. One thousand Sca-1high cells were transplanted into the
cleared mammary fat pad of prepubertal recipient mice. (A, B) Whole mounts of
outgrowths obtained from virgin recipient mice, 5 weeks after transplantation
(A) and in 14-day pregnant recipient mice, 8 weeks after transplantation (B). The
Sca-1high cells gave rise to ducts and alveoli. (C–F) Double immunofluorescence
staining of sections through ductal (C, D) and alveolar (E, F) structures observed
in outgrowths developing in virgin and pregnant recipient mice, respectively.
The following combinations of antibodies were used: in panels C and E, anti-
pan-cytokeratin (TK) and anti-α-smooth-muscle actin (α-SMA) antibodies,
identifying luminal cells (green) and basal myoepithelial cells (orange); in panel
D, anti-K8 and anti-K5 antibodies, identifying luminal cells (green) and basal
myoepithelial cells (red); in F, anti-β-casein (βcas) and anti-α-SMA antibodies,
revealing the production of β-casein (green) by luminal secretory cells and the
myoepithelial cells (red) surrounding the alveoli. The Sca-1high cells formed a
bilayered epithelium composed of basal myoepithelial cells and luminal cells.
During pregnancy, luminal cells differentiated into secretory cells. (G–N)
Sections through ducts and growing buds developing in outgrowths generated
by Sca-1high cells 5 weeks after transplantation (G, I–K) and in the normal
mammary epithelium of a 5-week-old mouse (H, L–N). Double immunoflu-
orescence staining with anti-BrdU and anti-p63 antibodies showed striking
similarities between normal and Sca-1high cell-derived epithelial structures. In
ducts, rare BrdU-incorporating cells (arrowheads) were located in luminal
position and tested negative for p63 (G, H). In buds, numerous cells
incorporated BrdU (J, M). The p63-negative BrdU-incorporating cells were
localized in the body of the growing buds, whereas the p63-positive BrdU-
incorporating cells (arrows) were concentrated at the tip of the buds (K, N).
Scale bars: 400 μm in panels A and B; 40 μm in panels C, D, G, H, I and L;
60 μm in panels E and F. In panel I, lum indicates the lumen of the growing buds.
Fig. 5. Phenotypic characteristics of the basal Sca-1high cells isolated from
Comma-Dβ. (A–G) Double immunofluorescence staining of purified Sca-1high
cells with anti-K5 and anti-K14 (A–C); anti-K6 and anti-K14 (D–F); anti-K5
and anti-p63 antibodies (G). All the Sca-1high cells expressed the basal keratins,
K5/K14 and the basal marker, p63. Most also contained K6. Scale bars: 20 μm.
(H) Real-time RT-PCR analysis of ΔNp63 and TAp63 transcript levels in total,
Sca-1high and Sca-1neg/low Comma-Dβ cells. Bars represent the mean
values ± SEM for four samples normalized to GAPD mRNA levels. Note that
ΔNp63 transcript levels were 1.1 × 103 times higher than TAp63 levels in Sca-
1high cells.
Fig. 4. Undifferentiated basal phenotype of the Sca-1high cell population isolated
from Comma-Dβ. (A, B) Cultures of total cells stained with anti-K5 and anti-K8
(A), or anti-K5 and anti-α-SMA antibodies (B). Comma-Dβ contained basal
K5+ cells, luminal K8+ cells and double-negative K5− K8− cells (arrow in A).
Some basal K5+ cells expressed the myoepithelial cell-specific protein, α-SMA.
Scale bars, 20 μm. (C) Relative percentages of basal K5+, luminal K8+, double-
negative K5− K8− and myoepithelial K5+ α-SMA+ cells in the total, Sca-1neg/low
and Sca-1high cell populations. Bars represent the mean values of the
percentages ± SEM obtained in 3 independent immunomagnetic sorting
experiments. Five hundred cells were counted per sample. In the purified Sca-
1high cell population, 95% cells contained K5 but not α-SMA, and therefore
displayed a basal non-myoepithelial phenotype.
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(data not shown). Consistent with their basal keratin expression,
Sca-1high cells stained positive with anti-p63 antibody (Fig.
5G). As the antibody recognized all variants of the protein, we
quantified the transcript levels of the two major p63 variants –
TAp63 and ΔNp63 – by real-time RT-PCR (Fig. 5H). The
mRNA levels were compared in total, Sca-1neg/low and Sca-1high
Comma-Dβ cells. Levels ofΔNp63 and TAp63 transcripts were
lower in Sca-1neg/low cells and higher in Sca-1high cells than in
the total cell population. Sca-1high and total cells contained
predominantly ΔNp63 variant mRNA. The levels of this
transcript were 0.6 × 103 and 1.1 × 103-fold greater than those
of TAp63 in total and Sca-1high cells, respectively.
Thus, in culture, the Sca-1high cells exhibited a highly
homogeneous, undifferentiated basal phenotype characterized
by the absence of α-SMA, the presence of the basal cell-type
keratins K5 and K14, and the predominance of the ΔNp63
form. Accordingly, they lacked K8 and estrogen-receptor α, two
characteristics of luminal cells.
In culture, basal Sca-1high cells produce identical daughter
cells competent for morphogenesis
Time course experiments showed that the proportion of Sca-
1high cells in the Comma-Dβ cell line fluctuated around a meanvalue of 31% over 7 weeks in culture including twelve serial
passages (Fig. 6A). Notably, the Sca-1high cell pool remained
competent for morphogenesis through multiple passages,
suggesting that Sca-1high cells were capable of self-renewal.
We assessed this possibility by maintaining purified Sca-1high
cells in culture and following the expression of Sca-1 and
lineage-specific cytoskeletal markers for several weeks. Sca-
1high cells were reselected from long-term (3-week-old) cultures
by immunomagnetic sorting, and their potential to develop in
vivo was tested. Total Comma-Dβ cells were cultured and
analyzed in parallel.
The percentage of Sca-1high cells in the purified population
dropped from 96 to 57% within 10 days in culture, and then
slowly decreased to 44%, a value identical to that obtained in
parallel cultures of total cells (Fig. 6A). Three-week-old
cultures of Sca-1high cells contained Sca-1neg, Sca-1low and
Sca-1high cells (Fig. 6B) but remained enriched (75%) in
undifferentiated basal K5+ SMA− cells (Fig. 6C). The Sca-1high
cells reselected from 3-week-old cultures were found to
generate outgrowths in the cleared mammary fat pad.
Transplantation efficiency with 1000 grafted cells was 75%,
similar to that obtained with the Sca-1high cells isolated from the
total Comma-Dβ cell population (62.5%; see Table 1). Five
weeks after transplantation in vivo, the reselected Sca-1high cells
gave rise to ductal structures comprising luminal and basal
myoepithelial cells (data not shown). Thus, basal Sca-1high cells
in long-term culture generated basal Sca-1high daughter cells
Fig. 7. Self-renewal and differentiation of single basal Sca-1high cells in culture.
(A, B) Double immunofluorescence staining of two representative clonal
cultures derived from single Sca-1high cells with anti-K5 and anti-α-SMA
antibodies. The clonal cultures contained various numbers of undifferentiated
basal K5+ α-SMA− cells and differentiated K5+ α-SMA+ myoepithelial cells,
suggesting self-renewal and asymmetric division. (C, D) 3D-cultures of purified
Sca-1high and Sca-1neg/low cells observed by phase-contrast microscopy. Sca-
1high cells plated at clonogenic density in Matrigel (C), unlike Sca-1neg/low cells
(D), formed large spheroids after 12 days in culture. (E–J) Confocal images of
cross sections through the top (left panels), middle (middle panels) and bottom
(right panels) of spheroids derived from isolated Sca-1high cells. Spheroids were
stained with anti-K5 and anti-K8 (E–G), or anti-K5 and anti-α-SMA (H–J)
antibodies. Basal Sca-1high cells in 3-D cultures generated luminal K8+ and
myoepithelial K5+ α-SMA+ cells. Scale bars: 10 μm in panels A, B; 40 μm in
panels C, D; 25 μm in panels E, H.
Fig. 6. Phenotypic analysis of purified Sca-1high and total Comma-Dβ cells in
long-term cultures. (A) Time course analyses of the percentage of Sca-1high cells.
Total (left panel) and Sca-1high cells purified by immunomagnetic sorting (right
panel) were maintained in culture by serial passages for 7 weeks, and analyzed
for Sca-1 expression by flow cytometry. (B) Sca-1 expression in purified Sca-
1high cells before and after 3 weeks in culture. On day 0, Sca-1high cells were
selected from the total cell population (left panel) by immunomagnetic sorting
and maintained in culture for 3 weeks (22 days). Flow cytometry analysis
revealed the phenotypic diversity of 3-week-old cultures (bottom right panel)
arising from purified cells (top right panel). (C) Distribution of basal K5+,
luminal K8+, double-negative K5− K8− and myoepithelial K5+ α-SMA+ cells in
the total and Sca-1high cell populations analyzed by double immunofluorescence
after 1 and 22 days in culture. Five hundred cells were counted per sample. Note
that 3-week-old cultures of Sca-1high cells remained enriched (75%) in
undifferentiated basal K5+ α-SMA− cells.
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indicative of self-renewal.
As a further additional approach, we examined the progeny
of Sca-1high cells at the single cell level. Clonal cultures
obtained from purified Sca-1high cells were analyzed by double
immunofluorescence staining with anti-K5 and anti-α-SMA
antibodies. All 14 individual clonal cultures contained basalK5+ α-SMA− cells and myoepithelial K5+ α-SMA+ cells (Figs.
7A, B). Various ratios of undifferentiated basal cells to
differentiated myoepithelial cells were obtained for the different
clones, but no luminal K8+ cells were detected. These results
showed that Sca-1high cells at the clonal level produced identical
basal derivatives and differentiated into myoepithelial cells.
This further supported the notion that Sca-1high cells were able
to self renew and suggested asymmetric division in culture.
Isolated basal Sca-1high cells generated luminal and
myoepithelial cells in 3D-cultures
We next analyzed the behavior of isolated Sca-1high cells in
three-dimensional (3D) cultures. In agreement with their
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cells plated at clonogenic density in Matrigel expanded and
formed spheroids whereas Sca-1neg/low cells grew poorly in such
conditions (Figs. 7C, D). Analysis of confocal images of cross
sections through the top, middle and bottom of spheroids
stained with anti-K5 and anti-K8 antibodies revealed that 15%
of the spheroids (n = 200) comprised an outer layer of basal K5+
cells and an inner subset of luminal K8+ cells (Figs. 7E–G). The
remaining part of the spheroids consisted of basal K5+ cells
only. Double staining with anti-K5 and anti-α-SMA antibodies
indicated that 36% of the spheroids (n = 200) displayed
myoepithelial K5+ α-SMA+ cells at their surface (Figs. 7H–J).
Although polarized, the spheroids did not form lumen within 2
weeks in culture. Anti-K8 and anti-α-SMA antibodies could not
be used for double staining as both of them are of identical
mouse origins. It is therefore unclear whether luminal K8+ and
myoepithelial α-SMA+ cells were present in the same spheroid.
However, the differentiation of basal Sca-1high cells plated at
clonogenic density in Matrigel into luminal and/or myoepithe-
lial cells showed that single Sca-1high cells could act as
progenitors for the two mammary lineages. Single cells
differentiated into myoepithelial α-SMA+ cells in both 2D
and 3D cultures, whereas differentiation into luminal K8+ cells
occurred in 3D cultures only. This observation is consistent with
a previous finding that luminal differentiation of mammary
epithelial cells depends on their interactions with extracellular
matrix proteins in a three-dimensional context (reviewed in
Bissell et al., 2003).
Discussion
The results of this study show that the Comma-Dβ cell line
contains a permanent population of Sca-1high epithelial cells
with basal characteristics and defining features of stem/
progenitor cells, including markers, self-renewal capacity and
the ability to generate, in vivo and at clonogenic density in 3D
cultures, the two mammary lineages, luminal and myoepithelial.
Consistently, the Sca-1neg/low cell subset, depleted of basal cells,
has a much lower morphogenetic potential and develops poorly
in vivo and in 3D cultures.
Comma-Dβ contains a morphogenetic Sca-1high cell
population composed of undifferentiated basal cells
It has been recently reported that Sca-1, a well-established
surface marker of adult mouse hematopoietic stem cells, is
expressed by 20% of the epithelial cells in the mammary glands
of virgin and pregnant mice (Welm et al., 2002; Li et al., 2003).
Using cell sorting and in vivo transplantation experiments,
Welm et al. showed that Sca-1-positive cells had a greater
regenerative potential than Sca-1-negative cells (Welm et al.,
2002). In agreement with these data, we found that the
morphogenetic potential of the Comma-Dβ cell line was
restricted essentially to cells with high levels of Sca-1
expression. Transplanted into cleared mammary fat pads, the
resident Sca-1-positive cells described by Welm et al. and those
isolated by us from Comma-Dβ, produced duct growth andbranching in pubertal recipient mice, and alveolar development
in pregnant hosts. In both cases, large outgrowths were
reproducibly observed when 103 selected cells were trans-
planted. Thus, like those naturally present in mouse mammary
epithelium, the Sca-1high cells isolated from Comma-Dβ
proliferated strongly in vivo, regenerating both ducts and
alveoli.
In Comma-Dβ, the Sca-1high cells exhibited a highly
homogeneous basal phenotype, characterized by the absence
of the luminal cell-specific marker, K8, and the presence of the
basal cell-specific proteins, K5, K14 and p63. The myoe-
pithelial cell-specific protein α-SMA was absent from 95% of
Sca-1high cells, which therefore displayed an undifferentiated
basal phenotype. The expression of the lineage-specific
cytoskeletal proteins has not been investigated in the Sca-1-
positive cells residing in the mouse mammary epithelium.
However, using Sca-1+/GFP mice, Welm et al. detected Sca-1
in the distal part of growing ducts, and in ductal epithelial cells
located in luminal and suprabasal positions (Welm et al.,
2002). These observations suggest that the large population of
Sca-1 positive cells in mouse mammary epithelium is
heterogeneous. Whether it comprised a discrete subset of
undifferentiated cells with basal characteristics remains to be
investigated.
Undifferentiated basal Sca-1high cells display properties of
mammary stem/progenitor cells
When transplanted into the cleared mammary fat pad, basal
Sca-1high cells isolated from Comma-Dβ gave rise to bilayered
epithelial structures composed of basally located myoepithelial
cells and luminal cells. As observed in the normal mammary
epithelium, myoepithelial cells in the outgrowths coexpressed
K5 and α-SMA, whereas luminal cells contained K8. In
pregnant recipient mice, luminal cells in alveolus-like structures
differentiated into secretory cells producing β-casein.
The purified Sca-1high cell population contained a very
minor subset (<1%) of luminal K8+ cells and a small population
(5.3 ± 3.9%) of myoepithelial α-SMA+ cells. Due to the lack of
specific surface markers, we could not eliminate these
differentiated cells before transplantation. However, it seems
unlikely that the luminal and myoepithelial cells observed in the
outgrowths originated from those initially present in the
transplanted Sca-1high cell population. Analyses of clonal
cultures of Sca-1high cells showed that these cells were able to
differentiate into myoepithelial α-SMA+ cells while producing
identical, undifferentiated basal daughter cells. Moreover,
spheroids derived from Sca-1high cells plated at clonogenic
densities in Matrigel comprised both luminal K8+ and basal
K5+ cells. Overall, these data strongly support the conclusion
that undifferentiated basal Sca-1high cells were able to generate
the two cellular subtypes of the mammary epithelium,
myoepithelial and luminal, and therefore acted as mammary
progenitors. In culture, these basal-type progenitors appeared to
be maintained by self-renewal, as they generated identical
daughter cells that retained their in vivo developmental
potential.
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mammary gland, epithelial cell subpopulations enriched in in
vivo regenerative potential and containing stem/progenitor cells
at a frequency of 1/60–1/90 (Shackleton et al., 2006; Stingl et
al., 2006). The cell population isolated by Shackleton et al. on
the basis of high CD24 and β1 integrin expression, was found to
be highly enriched in K14-positive cells. Applying a similar
approach, Stingl et al. isolated CD24-positive mammary stem/
progenitor cells that expressed high levels of α6 integrin chain.
This subset, although heterogeneous, appeared to be enriched in
cells expressing markers of basal myoepithelial cells, K14 and
α-SMA. It seems unlikely that differentiated myoepithelial cells
may act as mammary progenitors, however consistent with our
data, these two studies suggest that at least some of these
progenitors express basal keratins.
The demonstration of identical genetic changes in luminal
and myoepithelial cells of human and mouse origin strongly
suggests the existence of a common bipotent progenitor cell
(Lakhani et al., 1999; Li et al., 2003). The segregation steps of
the two mammary epithelial cell lineages remain uncertain,
however bipotent progenitors might give rise to luminal- and
myoepithelial-restricted precursor cells (Smalley and Ashworth,
2003). We were unable to determine whether the Sca-1high cell
population isolated from Comma-Dβ contained bipotent
progenitors, distinct populations of lineage-restricted progenitor
cells or both. However, data from our previous study suggest
that Comma-Dβ may comprise luminal-restricted progenitor
cells. We isolated a mammary epithelial cell clone, BC44, by
subcloning the HC11 cell line, a derivative of Comma-D
(Deugnier et al., 1999, 2002). Following transplantation in vivo,
BC44 cells formed alveolus-like structures containing luminal
cells but no myoepithelial cells, indicating that these cells could
only generate cells of the luminal lineage. In culture, BC44
cells, like the undifferentiated basal cells isolated from Comma-
Dβ, exclusively expressed basal cell markers and contained no
α-SMA. They also uniformly expressed Sca-1 (Deugnier M. A.,
unpublished).
Basal-type mammary progenitors isolated from Comma-Dβ
display similarities with adult skin stem cells
The progenitor cells isolated from Comma-Dβ resembled
skin stem cells in having a basal phenotype. In particular, they
expressed p63, a transcription factor found in the basal cell layer
of several epithelial tissues. Adult skin stem cells in the basal
layer of the interfollicular epidermis and in the upper region of
the hair follicle exhibit a basal phenotype and contain p63
(Pellegrini et al., 2001; Niemann and Watt, 2002; Gambardella
and Barrandon, 2003). Ablation of the p63 gene in mice resulted
in severe defects in skin development, and in an absence of
mammary glands and other epidermal appendages (Mills et al.,
1999; Yang et al., 1999). Two major variants of p63 have been
described, ΔNp63 and TAp63. Consistent with our observation
that ΔNp63 is the predominant form expressed in the mouse
mammary epithelium (Teulière et al., 2005), the basal-type
progenitor cells isolated from Comma-Dβ overexpressed
ΔNp63 compared to TAp63. ΔNp63 is also the predominantp63 variant in mouse epidermis, where it has been associated
with cell proliferation and implicated in the maintenance of the
epidermal stem cell population (reviewed in Westfall and
Pietenpol, 2004). Its function in development of the adult
mammary gland is not known. The homogeneous phenotype of
the basal-type progenitors isolated from Comma-Dβ makes
these cells an interesting model for studies of p63 function,
particularly in the formation of growing buds, which contain
many proliferating p63-positive cells.
The progenitor cells isolated from Comma-Dβ displayed
high surface level of α6 integrin chain. This characteristic has
been used in the isolation of cell populations enriched in skin
stem cells (Tani et al., 2000; Blanpain et al., 2003). The α6
integrin subunit is a major receptor for laminin, a prominent
component of the basement membrane of epithelia. It is
detected on myoepithelial cells and luminal cells in the
mammary gland, particularly at sites of cell–extracellular
matrix interaction (reviewed in Taddei et al., 2003). Mammary
rudiments isolated from mouse embryos deficient in α6 integrin
chain expression and grafted in vivo develop normally
(Klinowska et al., 2001). The α6 integrin subunit seemed
therefore dispensable for mammary morphogenesis and differ-
entiation of the bilayered epithelium, suggesting that it may also
be dispensable for the in vivo development of basal-type
progenitors isolated from Comma-Dβ. However, the α6
integrin chain may regulate the survival of these progenitors
in culture, as indicated by previous data obtained with primary
cultures of mammary epithelial cells (Farrelly et al., 1999).
Basal-type mammary progenitors isolated from Comma-Dβ
share surface markers with mammary tumor-initiating cells
It has been hypothesized that breast cancers may originate
and grow from a minority of tumor-initiating cells with
phenotypes similar to those of normal mammary stem/
progenitor cells, but deregulated self-renewal and differentia-
tion properties. Supporting this concept, transgenic mice
expressing Wnt-1 under the control of the luminal cell promoter
MMTV were found to develop heterogeneous mammary
hyperplasias and adenocarcinomas containing a population of
Sca-1-positive epithelial cells (Li et al., 2003). Moreover, a
defined cell subpopulation able to initiate and propagate
mammary tumors in cleared mammary fat pads of immunode-
ficient mice has been isolated from human breast cancers (Al-
Hajj et al., 2003). The tumor-initiating cells were identified and
enriched on the basis of their high expression of CD44 and low
or null expression of CD24. It remains unclear whether such
patterns of CD44 and CD24 expression are characteristic of
mammary stem/progenitor cells. However, the Sca-1high
progenitors isolated from Comma-Dβ display such a pattern,
which may therefore be of use for the further definition of stem/
progenitor cells in the mouse mammary epithelium.
Our study using the Comma-Dβ cell line provided evidence
for the existence of basal-type mouse mammary progenitors
able to participate in the morphogenetic processes characteristic
of mammary gland development, such as duct and alveolus
formation and establishment of the mammary epithelial bilayer.
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subclass of human breast tumors that strongly express the genes
encoding basal keratins, extracellular matrix proteins, integrins
and other markers of basal mammary epithelial cells (Sorlie et
al., 2003). A more recent study confirmed that basal-type breast
carcinomas can be identified using immunohistochemical
approach (Nielsen et al., 2004). The cellular origin of the
basal-type tumors has not been elucidated yet, however, results
of our recent work suggest that these tumors may originate from
basal-type progenitors (Teulière et al., 2005). We found that the
activation of β-catenin signaling targeted in the basal layer of
the mammary epithelium of transgenic mice led to the
development of hyperplasia and invasive carcinomas. These
tumors comprised essentially undifferentiated basal cells that,
similar to the basal-type progenitors isolated from Comma-Dβ,
expressed K5, K14 and p63 but not α-SMA.
Finally, as adult mammary tissue contains only small number
of stem/progenitor cells, the Comma-Dβ cell line is an attractive
model for the isolation and manipulation of basal-type
mammary progenitors, and for studies of the signaling pathways
controlling their self-renewal, recruitment for mammary
epithelium regeneration, and differentiation into luminal and
myoepithelial cells.
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